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(54) Cardiac-gated 3-dimensional MR angiography 

(57) A three-dimensional gadolinium-enhanced MR 
study of e.g. the patient's thoracic vasculature is carried 
out while the patient holds his or her breath. Acquisition 
of all data in each three-dimensional partition takes 
place during one and only one heartbeat. By synchro- 
nizing the MR pulse sequence to the patient's cardiac 
cycle, and advantageously by acquiring the MR data 
during the diastolic phase of the cardiac cycle, image 
artifacts caused by cardiac motion and pulsatile flow are 
eliminated or minimized. 
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Description 

Background of the Invention 

The invention relates to magnetic resonance (MR) 
imaging, and more particularly relates to contrast- 
enhanced MR angiography (MRA). In its most immedi- 
ate sense, the invention relates to gadolinium-enhanced 
three-dimensional ECG-triggered MR angiography. 

In gadolinium-enhanced MRA, a gadolinium con- 
trast agent (typically Gd-DTPA) is introduced into the 
patient's bloodstream and an MR study is conducted 
while the patient holds his or her breath. While the 
breath hold causes respiratory motion to cease, image 
artifacts can arise from other types of motion. For exam- 
ple, cardiac motion and pulsatile flow of blood can gen- 
erate artifacts in thoracic vessels near the heart and in 
small cardiac vessels. These artifacts are evident in 
three-dimensional gadolinium-enhanced MRA. 

Accordingly, one object of the invention is to provide 
a method of carrying out a three-dimensional MRA 
study in which e.g. cardiac motion and pulsatile flow in 
the patient's cardiac vessels do not introduce artifacts 
into the image. 

In accordance with the invention, a three-dimen- 
sional MR pulse sequence is gated to the patient's car- 
diac cycle. In further accordance with the invention, the 
gating is so carried out during the study that the number 
of three-dimensional partitions in the study equals the 
number of heartbeats taking place during the study, and 
acquisition of all MR data in each partition takes place 
during one and only one heartbeat. Advantageously, a 
gadolinium contrast agent is used during the study, 
while the patient holds his or her breath. 

Because the pulse sequence is synchronized with 
the patient's cardiac cycle, cardiac motion and pulsatile 
flow do not cause image artifacts. Advantageously, data 
acquisition does not commence at the very beginning of 
a cardiac cycle; data acquisition starts only after a short 
delay. This causes the MR data to be collected during 
the diastolic phase of the cardiac cycle, avoiding the 
cardiac motion and rapid changes in blood velocity that 
take place during the systolic phase. 

Brief Description of the Drawings 

The invention will be better understood with refer- 
ence to the following illustrative and non-limiting draw- 
ings, in which: 

Fig. 1 is a diagram of a three-dimensional MR pulse 
sequence of the type conventionally used in a 
gadolinium-enhanced MR study of a patient's tho- 
racic vasculature; and 

Fig. 2 is a diagram of an MR pulse sequence in 
accordance with the preferred embodiment of the 
invention. 



Detailed Description of Preferred Embodiments 

In a conventional gadolinium-enhanced three- 
dimensional MRA study of a patient's thoracic vascula- 

5 ture, an MR pulse sequence such as Fig. 1 is utilized. 
Fig. 1 illustrates a known three-dimensional RF-spoiled 
gradient echo pulse sequence having a TR per line of 5 
msec, a TE equalling 2.3 msec, a readout bandwidth of 
488 Hz/pixel, and no gradient moment nulling. Typically, 

io there are 96 - 256 in-plane phase-encode lines and 16 - 
32 partitions having a partition thickness from 1 mm to 
4 mm, the flip angle ranges from 1 5° to 30°, and the field 
of view is between 250 mm 2 to 400 mm 2 . In this type of 
sequence, for each in-plane phase-encoding step, one 

75 line of MR data is read out from each of the three- 
dimensional partitions in order. This is repeated until a 
complete three-dimensional MR data set has been 
acquired. Data acquisition is not synchronized with 
respect to the cardiac cycle. 

20 In accordance with the preferred embodiment of the 
invention as used in a thoracic MRA study, an MR pulse 
sequence such as is illustrated in Fig. 2 is utilized to 
image the patient's thorax after administration of Gd- 
DPTA. In this instance as well, the sequence has a TR 

25 per line of 5 msec, a TE equalling 2.3 msec, a readout 
bandwidth of 488 Hz/pixel, and no gradient moment nul- 
ling. Likewise, there are typically 96 - 256 in-plane 
phase-encode lines and 16-32 partitions having a par- 
tition thickness from 1 mm to 4 mm, the flip angle 

30 ranges from 15° to 30°, and the field of view is between 
250 mm 2 to 400 mm 2 . However, in accordance with the 
preferred embodiment of the invention, this MR pulse 
sequence is gated to the patient's cardiac cycle and the 
MR data is acquired in a different order. 

35 In accordance with the preferred embodiment of the 
invention, the gating is so carried out during the study 
that the number of three-dimensional partitions in the 
study equals the number of heartbeats taking place dur- 
ing the study. Furthermore, acquisition of all MR data in 

40 each partition takes place during one and only one 
heartbeat. 

Immediately after administration of Gd-DTPA (at a 
dose of 0.1 or 0.2 mmol/kg of body weight as a bolus 
over approximately 10 seconds) to the patient's circula- 
rs tory system, and after the beginning of the patient's car- 
diac cycle is determined by detection of an R-wave, 
there is a delay. (The delay is between 0 and 300 msec, 
and is typically approximately 200 msec.) Then, the Fig. 
2 MR pulse sequence is initiated to commence acquisi- 
so tion of all MR data from one three-dimensional partition. 
This data acquisition is carried out sufficiently quickly 
that it is concluded before the end of the patient's car- 
diac cycle, i.e. all MR data is acquired from a single 
three-dimensional partition during one and only one 
55 heartbeat. Although the delay between the R-wave and 
the start of data acquisition is not necessary, it is pre- 
ferred because this causes the MR data to be read out 
during the diastolic phase of the cardiac cycle rather 
than during the systolic phase (when cardiac motion is 
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maximal and when the rate of bloodflow changes 
greatly). This process is then repeated, once per heart- 
beat, for all the partitions (all the heartbeats) in the 
study. 

Each acquisition takes place during a window of s 
500 * 700 msec. During this time, the in-plane phase- 
encoding gradients are varied linearly from one 
extremum to the other. Typically, there are between 96 
and 140 such phase encodings for each partition. 

This process is repeated once per heartbeat as io 
many times as there are heartbeats during the study, 
while the patient holds his or her breath. Typically, a 
breath hold will last 15 to 30 seconds. In the typical 
instance, MR data for 16 to 32 slice partitions will be 
acquired during a thoracic study, each slice being 75 
between 2 and 3 mm thick. 

Although a preferred embodiment has been 
described above, the scope of the invention is limited 
only by the following claims: 

so 

Claims 

1 . A method of carrying out a three-dimensional MRA 
study of a patient, comprising: 

25 

gating a three-dimensional M R pulse sequence 
to the patient's cardiac cycle in a manner that 
the number of three-dimensional partitions in 
the study equals the number of heartbeats tak- 
ing place during the study, and acquisition of all 30 
MR data in each partition takes place during 
one and only one heartbeat. 



the number of three-dimensional partitions in 
the study equals the number of heartbeats tak- 
ing place during the study, and acquisition of all 
MR data in each partition takes place during 
one and only one heartbeat; 
administering a contrast agent into the patient's 
vascular system; and 

running said MR pulse sequence on an MR 
imager and acquiring MR data from the 
patient's thoracic vasculature. 



2. The method of claim 1, further comprising the step 

of administering a contrast agent into the patient's 35 
vascular system before acquiring MR data. 

3. The method of claim 1 , wherein said study is car- 
ried out while the patient is holding the patient's 
breath. 40 



4. The method of claim 2, wherein the agent is a 
chemical compound that includes gadolinium. 

5. The method of claim 1 , wherein acquisition of MR 45 
data in each partition is commenced only after a 
predetermined delay interval after the beginning of 

the cardiac cycle, whereby all MR data in each par- 
tition is acquired during diastole. 

so 

6. The method of claim 1 , wherein the study is of the 
patient s peripheral vasculature. 

7. A method of carrying out a three-dimensional MRA 
study of a patient's thoracic vasculature, compris- ss 
in 9 : 

gating a three-dimensional MR pulse sequence 
to the patient's cardiac cycle in a manner that 
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